We present three XMM-Newton observations of the ultra-luminous compact X-ray source Holmberg II X-1 in its historical brightest and faintest states. The source was in its brightest state in April 2002 with an isotropic X-ray luminosity of ∼ 2 × 10 40 erg s −1 but changed to a peculiar low/soft state in September 2002 in which the X-ray flux dropped by a factor of ∼ 4 and the spectrum softened. In all cases, a soft excess component, which can be described by a simple or multicolor disk blackbody (MCD; kT ∼ 120 − 170 eV), is statistically required in addition to a power-law continuum (Γ ∼ 2.4 − 2.9). Both the spectral components became weaker and softer in the low/soft state, however, the dramatic variability is seen in the power-law component. This spectral transition is opposite to the 'canonical' high/softlow/hard transitions seen in many Galactic black hole binaries. There is possible contribution from an optically thin thermal plasma. When this component is taken into account, the spectral transition appears to be normal -a drop of the power-law flux and slightly softer blackbody component in the low state.
INTRODUCTION
Ultra-luminous X-ray sources (ULXs) are the compact, off-nuclear galactic X-ray sources with isotropic luminosity exceeding the Eddington limit for a stellar mass ( < ∼ 20M ⊙) black hole (BH). Isotropic emission from intermediate mass (∼ 20 − 10 5 M ⊙) BHs and anisotropic emission from stellar mass BHs are both attractive interpretation for the nature of ULXs, however, there is no definite proof for either of the two scenarios (Miller & Colbert 2003) . Several observations suggest that ULXs may be similar to the X-ray binaries. Discovery of orbital modulations from several ULXs (Bauer et al. 2001; Sugiho et al. 2001 ) implies binary nature. The ASCA X-ray spectra of ULXs have been described as the emission from optically thick accretion disks and references therein), however, the inferred disk temperatures, in the range of ∼ 1 − 2 keV, are too high for BH masses implied by their X-ray luminosity. Recent observations with Chandra and XMM-Newton suggest lower temperatures in the range of ∼ 100 − 500 eV (see review by Miller & Colbert 2003 and references therein) . Observations of spectral transitions between low (hard) and high (soft) state from two ULXs in IC 342 further demonstrate their similarity with the Galactic BH binaries. These observational facts suggest that ULXs may be more massive or scaled up versions of X-ray binaries. Recently, Ebisawa et al. (2003) argued that the high temperatures inferred from the X-ray spectra of some ULXs is high even for an accreting Kerr BH, and they explained the X-ray spectra in terms of a slim disk ( model without requiring intermediate mass BHs.
Holmberg II X-1 (hereafter HoII X-1) is nearby (3.39 Mpc; Karachentsev et al. 2002) and one of the brightest ULX in the sky. Its X-ray luminosity (L X ∼ 10 40 erg s −1 ) corresponds to the Eddington luminosity of an 80M ⊙ BH. It resides near the edge of a dwarf starforming galaxy and is embedded in an H II region. Also a compact HeII emission-line cloud has been discovered at the position of HoII X-1, indicating that this ULX is actually photo-ionizing the surrounding gas (Pakull & Mirioni 2001; Lehmann et al. 2004 ). The ROSAT HRI and PSPC observations of HoII X-1 revealed a point-like, variable source on scales of days and years (Zezas et al. 1999 ). The Chandra ACIS-S observations also revealed point-like X-ray source and an indication for a weak extended component (Lehmann et al 2004) . Miyaji, Lehmann, & Hasinger (2001) presented the joint ROSAT and ASCA spectrum, which is well described by a power law (ΓX ∼ 1.9) and a soft excess component modeled either as an MCD (kT ∼ 170 eV) or a mekal plasma (kT ∼ 300 eV). In this paper, we present puzzling X-ray spectral variability of this well known ULX Holmberg II X-1 observed with XMM-Newton.
OBSERVATION AND DATA REDUCTION
XMM-Newton observed Ho II X-1 three times on 2002 April 10, 16, and September 18 for 12.6, 13.8, and 6.9 ks, respectively. The EPIC PN (Strüder et al. 2001 ) and MOS (Turner et al. 200 ) cameras were operated in full frame mode using the thin filter. The raw events were processed and filtered using the most recent updated calibration database and analysis software (SAS v5.4.1) available in December 2003. Cleaning of the flaring particle background resulted in 'good' exposure times of 4.66, 3.95, and 4.25 ks for the EPIC PN observations of 10 April, 16 April, and 18 September 2002, respectively. Events in the bad pixels and those adjacent pixels were discarded. Only events with pattern 0 − 4 (single and double) for the PN and 0 − 12 for the MOS were selected.
ANALYSIS & RESULTS
We extracted full band light curves for HoII X-1 from the PN data using circular regions of radii 40 ′′ centered at the source position. We also extracted the corresponding background light Source spectra and the associated background spectra were extracted using similar extraction regions described above. The source spectra were grouped to a minimum of 20 counts and 15 counts per channel for the 2002 April and September observations, respectively. The spectra were analyzed using XSPEC 11.3. All the errors quoted below were calculated at 90% confidence level for one interesting parameter. We found generally good agreement between MOS and PN cameras in the 0.3 − 10 keV bands. Therefore we present the spectral results obtained by fitting the same model jointly to the PN and MOS data while leaving the relative normalizations to vary. We fitted an absorbed power-law model to the spectra of 10 April 2002, this resulted in χ 2 = 933.4 for 758 degrees of freedom (dof). The best-fit absorption column is NH ∼ 1.9 × 10 21 cm −2 , much higher than the Galactic column of 3.4 × 10 20 cm −2 (Dickey & Lockman 1990 ) along the direction of Ho II X-1. The excess column, inferred from an additional absorption model, is 1.6 +0.2 −0.1 × 10 21 cm −2 . Addition of blackbody (BB) model improves the fit significantly (model 1; ∆χ 2 = −62.5 for two additional parameters). The BB temperature is kT ∼ 140 eV and power-law photon index is ΓX ∼ 2.6. The EPIC spectral data of 10 April 2002 and the best-fit model is shown in Figure 2. Replacing the simple BB component by an MCD (model 2), appropriate for a standard thin accretion disk, resulted in a slightly higher temperature. The best-fit model parameters are listed in Table 1 . We followed the above steps to model the EPIC spectra of HoII X-1 obtained on 16 April 2002 and 18 Sep. 2002 and found that these spectra too are well described by the absorbed power law and BB model with the addition of the later component improving the fit significantly (∆χ 2 = −61.8, and −26.7 for the spectra of April 10, and Sep. 18, respectively). The best-fit parameters for the three spectra are listed in Table 1 . The X-ray spectrum of 18 Sep. 2002 is weakest and steepest among the three spectra. The power-law normalization decreased by a factor of about four in five months. However, X-ray spectrum of HoII X-1 is not the flattest at its brightest phase i.e., there is no evidence for correlation between the spectral slope and the flux.
To illustrate the flux and spectral variability of HoII X-1, we compared each of the observed spectra with the best-fit spectral model to the spectrum of 10 April 2002. The soft X-ray line-like features in the low state spectrum are suggestive of an optically-thin emission. Unfortunately, RGS data is too poor to constrain any line emission. The line-like feature at 2.5 keV, seen in the low state spectrum only (see Fig. 3 ), is detected at 2.8σ level or 98% confidence level based on a maximum likelihood ratio (MLR) test (∆χ 2 = −7.8 for two additional parameters) using the model 1 (see Table 1 ) as the continuum and a Gaussian line. This feature, also seen in the ASCA spectra (∆χ 2 = −7.1 for GIS+SIS data using the same continuum model), is likely the S XV Kα emission line. There may be some contribution from the radiative recombination continuum (RRC) due to Si XIII. To investigate the effect of the presence of thin thermal emission on the spectral variability, we created a multi-component model consisting of a mekal plasma, a BB, and a power-law modified by the Galactic as well excess absorption. We fitted this model jointly to the PN spectra corresponding to the brightest flux state of 10 April 2002 and faintest flux state of 18 September 2002. The parameters of the BB and the power-law components for the two data sets were varied independently, while the parameters of the mekal component for low state spectrum were tied to the corresponding parameters for the high state spectrum. This model resulted in a good fit (χ 2 = 504.2 for 499 dof). The unfolded spectra along with the models for the low and high states are plotted in Figure 4 −0.1 . The power-law normalization in the low state is a factor of 5.2 lower than that in the high state (2.4 × 10 −3 photons cm −2 s −1 keV −1 at 1 keV). The two photon indices are similar within errors. Thus, the softer spectrum in the low state can be explained as the drop of the flux in the power-law component without significantly changing its slope and a slightly softer BB component. The exclusion of the mekal component worsened the fit, resulting in χ 2 = 512.6 for 501 dof. Thus, the presence of the mekal component is significant at a confidence level of 98.5% based on the MLR test. In the low state alone, the presence of the mekal component is significant at 99.3% level (∆χ 2 = −10.1 for two additional parameters).
DISCUSSION
The three XMM-Newton observations of 2002 have caught HoII X-1 in its historical brightest and faintest flux levels (3.7 × 10 −12 and 9.4 × 10 −13 erg cm −2 s −1 in the 0.5 − 2 keV band, respectively) ever observed with an X-ray satellite (see Fig. 1 ). Our spectral analysis of the three XMM-Newton observations of HoII X-1 confirm earlier ROSAT and ASCA results that the X-ray spectrum of HoII X-1 consists of three spectral components -intrinsic absorption, a soft excess, and a powerlaw component. The intrinsic absorption column densities and temperatures (150 − 190 eV) of the soft component inferred from the MCD fits to three observations are similar to that obtained from the joint ROSAT and ASCA spectral analysis (Miyaji et al. 2001) . However, the power-law photon indices are steeper (∆Γ ∼ 0.5 − 1.0) during the XMM-Newton observations than that during the ASCA observations.
A soft X-ray excess component, above a power-law continuum, is statistically required in all three observations and is well described by a simple BB or an MCD model. The best-fit temperatures are in the range 100 − 180 eV. Similar cool thermal components have been recently observed by Chandra and XMM-Newton from a number of bright ULXs e.g., M81 X-9 (Miller, Fabian, & Miller 2003a) , NGC 4038/4039 X-37 (Miller et al. 2003b) , and NGC 5048 X-1 (Karret et al. 2003) . If the soft X-ray excess emission is attributed to the disk emission, as thought to be the case in BH X-ray binaries, the accretion disk of HoII X-1 must be cool. In this scenario, the BB temperature provides a BH mass
(see e.g. Makishima et al. 2000). If we assume that a fraction ǫ of the bolometric luminosity is emitted in the X-ray band of 0.3 − 10 keV, then using the expression for the Eddington luminosity
where LX is in erg s −1 . Use of Eq. 1 with a BB temperature of kT = 170 eV for HoII X-1 giveṡ
For LX ∼ 2 × 10 40 erg s −1 as observed on 10 April 2002, M /Ṁ Edd ∼ 0.2. If we adopt a BB temperature, kT = 110 eV, as suggested from the multi-component model including mekal plasma, the relative accretion rate is ∼ 0.1.
HoII X-1 resides within a starburst region, therefore it is possible that part of the X-ray emission arises from the starburst region or a supernova remnant. Our spectral modeling, after taking into account such a contribution as an optically-thin emission, suggests that the observed unusual spectral transition to a low/soft state is due to the drop off the power-law flux alone without any change in the slope. A higher relative contribution of the optically-thin emission in the low state resulted in an overall softer spectrum. Thus, we suggest that the X-ray emission from HoII X-1 consists of two distinct components: (i) a soft X-ray excess, described by an MCD (kT ∼ 140 eV) and a power-law component (Γ ∼ 2.7) similar to that observed from accreting BHs (AGNs and BH binaries), and (ii) a thin thermal component (kT ∼ 0.9 keV, L(0.05−10 keV = 3×10 38 erg s −1 ). In this case, the spectral variability of the accreting BH in HoII X-1 is not unusual and similar to many BH X-ray binaries. Chandra ACIS-S observation barely resolved X-ray emission from HoII X-1, suggesting that the thermal component arises from a compact region (∼ 10 pc; Lehmann et al. 2004 ). The estimated luminosity of the thin thermal component arising from a compact region is not unusually large, as the cooling time, τ cool ∼ 50000 yrs is sufficiently long, where τ cool was estimated from the temperature, electron density, size, and luminosity of the mekal plasma. A compact size and a high luminosity for the thin thermal component are suggestive of a young supernova remnant or hypernova remnant. The thin thermal emission explains the line feature at ∼ 2.5 keV, detected at 2.8σ level in the low state spectrum only, as the S XV Kα line (see Figs. 3 & 4) , however, there may be some contribution from Si XIII RRC. High resolution X-ray observations will be required to investigate the nature of the soft component modeled here as thin thermal emission.
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